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For the full text of this licence, please go to: http://creativecommons.org/licenses/by-nc-nd/2.5/ adjustment to university study are equally important: for example, Brown & Macrae (2005) found that students who had more positive attitudes to studying mathematics shared ideas in a mathematical community, while Seymour & Hewitt (1997) identified students' mutual tutoring and support as a major factor in continued participation in science/mathematics degree programmes. A focus on undergraduate learning communities thus shifts attribution of the problem from students' knowledge/skills deficits to teaching and learning contexts.
Here we report in detail on the development of student learning communities in two universities, where supporting strategies initially aimed at skills development for engineering students provided the impetus and resources for the generation of a mathematics undergraduate community of practice (Wenger, 1998) in which collaborative working is a key characteristic. We will suggest that an analysis of the students' accounts provides an insight into the undergraduate mathematics experience which goes beyond a skills deficit model. Specifically, it suggests that a central issue in adjustment to university mathematics is the nature of relationships with tutors and peers; in our study this issue finds a focus in the availability of physical spaces for learning which enable a collective refiguring (Holland et al., 1998) of student and tutor roles.
Two major studies provide the background for this paper: the UK-based Student Experiences of University Mathematics (SEUM) project (see Brown & Macrae, 2005) , and Seymour and Hewitt's (1997) study of switching and drop-out in Science, Mathematics and Engineering (SME) programmes at seven US four-year colleges and universities. Both of these studies suggest, in different ways, that peer-group relations play an important role in success. An important finding of the SEUM project, which tracked undergraduate mathematics students for three years in two British universities, was the impact of the student/tutor community (or lack of it) on how students experienced university study. In one institution, this community focused on a particular physical space which comprised informal work/social/eating areas and adjacent staff offices, with the result that "students could 'catch' lecturers going to and from these offices, as well as make formal and informal appointments to discuss various concerns" (Brown & Macrae, 2005, p.6) . In contrast, the other university contained a high proportion of commuting students who lived at home, and a lack of social space in the institution itself. Brown and Macrae report that students felt isolated, had difficulty making friends, contacted lecturers less, and showed lower attendance at some lectures. Related issues concern engagement with the community in general -students who were active participants in lectures/tutorials, or became involved in society or mentoring activities were more confident. More importantly for the present study, students who worked together or lived with other successful students were themselves more likely to be successful. In one institution, small team project work in the first year was welcomed because it "enabled them to learn from each other and become socially more cohesive" (Brown & Macrae, 2005, p.7) .
Students generally appreciated project work not just because it was collaborative but also because it allowed them to work at their own pace. Seymour and Hewitt's (1997) large-scale ethnographic study identifies similar issues with respect to the role of collaborative learning as a component of student survival in SME subjects, in which mathematics and statistics are the most vulnerable to student movement to other subjects (p.16). They found that many students, whether or not they dropped out or switched programmes, tended to report the transition to university as challenging in terms of pace, workload and teaching methods -issues reported by students in the SEUM project as well. Over one third of switchers cited 'poor teaching' as a reason for switching, but it was also cited as a concern by nearly three quarters of non-switchers. In a similar pattern, inadequate academic and pastoral support was given as a reason for switching in one quarter of the students, but was also a concern for more than a half of the non-switchers. While it might be argued that switching is the result of inadequate school preparation, and indeed was cited as a reason for leaving by 15% of switchers, it was also mentioned by 38% of nonswitchers as a concern. Conceptual difficulties were cited as a concern by one quarter of the students in both groups. Thus there is scant evidence that switching is a result of the 'hardness' of SME subjects alone, and, like the SEUM students, those in Seymour and Hewitt's study differed in terms of whether or not they had sufficient resources to continue in terms of a feeling of belonging to the undergraduate community. One such resource is peer study support: lack of it was given as a reason for leaving or as a concern by 39% of switchers, compared to 7% of non-switchers.
Crucially, its benefits extended beyond day-to-day survival to a more participative identity:
Both switchers and non-switchers described the unique educational benefits of collaborative learning which took them far beyond what was possible in class work alone. These included: reinforcement of understanding and skills; learning at a deeper level; learning by teaching; generation of new ideas and applications; personal intellectual challenge and growth; willingness to share mistakes and learn from them; pleasure in debating intellectual issues; and discovering the enjoyment of learning. (Seymour & Hewitt, p.174) Together with earlier research (Solomon, 2007 , Solomon, 2008 which suggests the importance of self-positioning in the undergraduate mathematics community of practice, these studies indicate the value of understanding the impact of dedicated mathematics support centres on student identities and approaches to learning. The establishment of such support centres represents one way in which many British universities have responded to the challenges mathematics educators face at the school/university transition -challenges which have been articulated in the Post-14 Mathematics Inquiry's conclusion that "higher education has little option but to accommodate to the students emerging from the current GCE [ie pre-university schooling] process" (Smith, 2004, Section 4.39, p.95) . In general, support centres offer a facility to students, not necessarily of mathematics, which is in addition to their regular programme of teaching through lectures, tutorials, problem classes and personal tutorials. While their greatest benefit is the availability of focused one-to-one support as an immediate response to specific problems, students also comment on the importance of atmosphere and the learning environment, an increase in student control and lack of time pressure, and the informality and psychological security of centres (Lawson et al., 2001) .
A support centre requires a physical location from which to operate. Usually this is either within a teaching department or within a central facility such as a library or learning resources centre. At institutions where the centre is open for most of the week it is common practice to have dedicated space for the purpose and, as we shall show, it is this factor which is particularly pertinent to the development of undergraduate communities of practice. In this paper we draw on Holland et al's (1998) concept of a figured world to provide the framework for an exploration of the 6 ways in which students position themselves, each other, and their tutors in relation to learning mathematics, and the role of physical space in their shifting identities. The figured world is 'a socially and culturally constructed realm of interpretation in which particular characters and actors are recognized, significance is assigned to certain acts, and particular outcomes are valued over others' (p. 52); as a way of describing the community of mathematics students and their tutors, it enables the researcher to identify the range of roles that are enacted in the community, and, of particular interest here, 'the day-to-day and on-the-ground relations of power, deference, and entitlement, social affiliation and distance ' (pp. 127-128) . Power is important in any teaching and learning context, but it appears to take special significance in the mathematics world where lecturers are frequently positioned as undisputed authority figures (de Corte et al., 2002 , Schoenfeld, 1992 In this paper, we examine the dynamics of a collective refiguring of relations and identities within two particular mathematics communities, and the ways in which students draw on the presence and use of physical space as a resource to change their relationships with their subject.
The study
The data on which this paper is based are drawn from focus groups involving 21 mathematics students in their 2 nd /3 rd years, attending 2 different universities in
England -Farnden and Middleton (pseudonyms) -which both have long-standing, well-established and well-resourced support centres. It is noteworthy that the two centres were originally set up with an emphasis on dealing with mathematics for engineering undergraduates; however, mathematics undergraduates were also entitled to use the centres and in fact increasingly did so. This group of students were invited to participate in the focus groups reported here. All were known to make good use of the Mathematics Support Centres; nineteen (12 men and 7 women) were taking single majors in mathematics, and two (both women) were studying joint degrees with statistics or accounting. The students participated in 6 focus groups in which they were asked to discuss their experiences of learning mathematics at university. Three of the students at Farnden participated twice -in their second year and again one year later. In addition, 38 2 nd year students at Middleton completed survey questionnaires covering various aspects of their experience of learning mathematics at school and at university, their attitudes to mathematics and their approach to learning. Focus groups were fully transcribed and analysed thematically with particular focus on issues of changes in the experience of teaching and learning, the development of 8 independence, relationships with tutors and tutor support, individual and group working practices, and the use of space. All student names in this paper are pseudonyms.
Stepping up and becoming independent: moving through university mathematics
Our analysis in this paper focuses on the qualitative data and the students' accounts of their learning communities and their use of space, but particular issues identified in the survey data provide an overall context which we report briefly first. Of greatest importance here is the transition from school to university mathematics in terms of changes in perceptions and learning experiences. Looking back at school, 46%
agreed that "maths was more fun at school" and 90% agreed that "before I came to university maths was one of my favourite subjects". It was also a subject at which students did well: 92% agreed that "before I came to university maths was one of my best subjects" and for 80% "I was better at mathematics than most other students in my class". However, once at university the reference group against which academic self-concept is measured changes (cf Marsh, 1987) : 26% agreed that since coming to university, "I realise that I am not very good at maths" and 31% agreed that "most mathematics students are cleverer than I am". For some, this appears to lead to a loss of confidence: 23% disagreed with the statement that "my university experience has resulted in me being more confident with mathematics". Asked about the teaching at university, 47% disagreed that "the style of university teaching suits my learning style" and 46% disagreed that "maths is taught better at university". These findings reflect those of the research reviewed above, particularly with respect to the transition from school and a shift in the experience of mathematics learning from ease to difficulty for one quarter of the students, and a dissatisfaction with teaching style at university for half of them. These changes in the students' experience play an important part in their ongoing relationships with mathematics and their use of the support centres and of each other as a means of coping with 'stepping up'; these issues are fleshed out in our analysis of the focus group data which follows.
Looking back on their first year, second year students described the course as significantly more difficult, compounded by greater speed of delivery, as Roz (Farnden Year 2) describes:
There is a big step up in the complexity of what we are being taught and the speed at which we are being taught to absorb it and get to grips with it. … because it's a lot more complicated, the work takes longer and you can't afford not to do it.
The volume of work also changes: Farnden Year 2 student Eladio comments that it was all a bit of a shock:
The context of our study has been 3 times more difficult than the first year.
….. It was a shock in fact. …. I'm doing about 50 hours a week and that still is not enough.
Indeed, upon reaching Year 3, Roz says that 'It seems to get more difficult exponentially'. These changes have an impact on the way that students engage with the material: they describe writing notes in lectures without understanding, thinking the material through on their own, afterwards, or in the group: In addition to the increase in conceptual difficulty and pace there is another issue, also observed in the SEUM study: this is the students' perception that they need to develop a certain level of independence as they progress, and that tutors correspondingly withdraw support. Covering the curriculum in class means less time spent on going over homework problem sheets and hence a greater requirement that students work on their own, explained here by Adam and Liam (Farnden Year 2):
Adam: In the first year …. there was a lecture and then we did questions but I think now because we're in year 2 we're expected to do questions in our own time so the lecturer is not wasting time… he's teaching us as much as he can because I guess the syllabus has to go through so much that he has to spend the lecturing time talking..
Liam: Because when we're supposed to do a tutorial and we have exercises to go through, that won't necessarily cover everything that we will come across in exams and coursework. It just gives you a basic understanding where you will have to research more after that to be able to grasp the whole concept.
Withdrawal of support troubled some students, who reported needing constant reassurance that they were on the right track. Thus Alice (Farnden Year 2) says that getting constant feedback is a must: 'I like getting the answers … you need the feedback'. Matt and Tim (Middleton Year 2) added to this the need to be pushed in order to work:
Tim: Last year I felt I was working a lot harder. In the first year we had 2 or 3 pieces a week at least . . .
Matt:
And we had more tests as well. Liz and Rachel have already started their projects, but feel insecure:
Rachel: In an ordinary course with homeworks we tend to get given answers so that we know that we're going in the right direction, but in this we're not, we're just told 'do it' -I don't know if we're going to get given the answers….
Liz: …. you could be there for a whole 2 months doing questions and you don't know.
Rachel: …We still don't know if we've got the right answers, and that's scary just purely because we could be going off on a complete tangent and we'll never know.
Although they recognize that they are supposed to develop greater independence in the third year, Liz and Rachel say that they have not particularly adapted to this requirement -rather, they simply feel more pressurized.
Safety in numbers: moves towards a collective refiguring
One way in which students at both Farnden and Midldleton cope with these changes is through greater use of the support centres, with two main effects: a shift in relationships with tutors, and the development of group learning strategies. Roz, in
Year 2 at Farnden, reflects on the first of these:
When they are in maths support, you know they're there to help people and you're not bothering them. If you go to their office, you've got your stuff in your bag, there's nowhere to get it out to show them, you know there's a queue of people behind you, they were doing something before you arrived if there wasn't anyone in the queue ahead of you so you feel like you're bothering them, it's their space as well and you're going into their office, whereas maths support is neutral ground for everybody … it doesn't belong to anybody, you've got your stuff out and they will work their way round the table to come to you, you have your work out ready even if you've put it to one side so you can flip back to it and say "can you just help me with this".
While this refiguring of the tutor-student relationship is clearly crucial, a related and equally important effect of the support centres is on the students' general approach to Given that many lectures are fast, difficult to follow, and allow little -if any -time for discussion, while tutorials are risky spaces because many students feel exposed if they ask questions, working informally with peers outside of timetabled contact time is the only opportunity to talk about their work. One of the benefits is getting explanations from angles other than the lecturer's:
Rachel: If you don't understand it they can explain it to you more on your level rather than the way the lecturer would so they help you to understand it if they do -that's why [the support centre] is so helpful, because you can sit next to people at the round tables and you can explain things in a way that makes sense to you.
Working together can have benefits for both parties, as Jess (Middleton Year 2) and Hugh (Farnden Year 2) explain:
Jess: It's sometimes if there's two of you and you're both struggling but you've both got half of the answer then you work together you can put your half answers together and get the right answer.
Hugh: A big advantage of the Maths Support Centre is that you can get anyone going in there from any course and they might come in with some weird problem which you know how to do but you wouldn't think of looking at it that way or what they've been shown, so it could give you a different way of looking at a problem and potentially help you understand it better.
The benefits extend beyond helping each other with specific problems, however.
Working together enables greater ownership of knowledge, and a more participant identity which is also displayed in their use of virtual space:
piece of coursework or that's relevant to everybody, we'll put it up on the message board and have a discussion about it.
Talking one year later, Caitlin explains how even individual project work can be part of working in the group:
I think a lot of the work is more individual now because we've all got a project … so sometimes you find that you're working on your own, but you still bounce ideas off other people.
Roz sums up the changes in terms of the elusive third year independence:
But because we've worked so well together beforehand I know that if I get stuck I can ask them and if they get stuck they can ask me even if we're not working at the same time. In that sense there's more independence….
Defining community spaces
Although there were limits to how much help from tutors they could receive in the learning support centres -which had, as we have noted, been set up with other students in mind -the undergraduate mathematics students at both Farnden and
Middleton had continued to use these as spaces for group study. Roz explained how things had developed:
… towards the end of the first year, … I used it a lot because a group of us who tend to get fairly good marks used it a lot. Other people sort of came in to work with us and got the help and so on and so….we got…we feel that we kind of established it in some way by using it a lot and encouraging other people to say "well we'll meet in the Maths Support Centre and we'll work together" sort of thing. And then…..and it developed a real upspin, it was really kind of in a sense the place to be, and there was a lot of people, there was a lot of use ….
This account is corroborated by other Farnden year 2 students, who report that use of the centre has increased, now catering for around two thirds of the second year -Liam comments that "we're all just flocking to the Maths Support Centre". The importance of the physical space itself is illustrated by events at Farnden, where the unanticipated popularity of the support centre among mathematics students has caused overcrowding and a decision to limit access for the second and third year students in order to enable the centre to cater for its original target of first year students and non- Caitlin: Yeah, we haven't got the same help group as we had. Because we're all better at different aspects of the work and now we've found that there's not as many of us there so you haven't got as many points of view I don't think.
The room layout itself was also important -the new room they had been provided with lacked the round tables of the original support centre, and so it was more difficult to work together, with far-reaching consequences:
Roz: You work with your back to each other.
Tamsin: We've had a couple of Fridays where we've worked at home just because we thought "well….no point going in", whereas we never did that because Maths Support was just such a nice space to work in.
Roz: There's also the issue that some people still use Maths Support and some people go to the new room, so it was kind of polarised in a sense.
Tamsin: Some's left….
They go on to describe how some students now visit the group only when they need help. This erosion of their collaborative practice is important: although Roz is clearly positioned as a student authority and a source of help, she emphasises once again the value of other students' contributions:
The thing is if we started a project we'd work together and we would talk round the questions. Everyone has something to offer, even if it's a perspective that happens to be wrong, because then we could discuss their idea.
Conclusion: refiguring identity spaces
This account of how students first used the space provided by the support centres because they needed to, but then began to take ownership of their own learning and to refigure not only their relationships with their tutors but with doing mathematics itself, provides an explanation for the central role of peer group support observed in the research reviewed at the beginning of this paper. It also provides an insight into how an undergraduate community of practice, which can be highly competitive and individualistic, generating identities of not belonging among students (see Solomon, 2007) , can refigure itself into something very different, drawing on physical space as a major resource. Holland et al (1998) suggest that while individuals develop relational identities in terms of dispositions to act in particular ways, these can be 'disrupted' when reflection enables recognition of positional identities which may then be objectified and challenged, and so lead to refiguring:
The same semiotic mediators, adopted by people to guide their behaviour, that may serve to reproduce structures of privilege and the identities, These data show the value of providing space for students to develop their own communities of practice, demonstrating that for many of them, learning mathematics can be a social experience and one that they would prefer to do as a group. As a subject which is popularly seen as highly individualistic (Schoenfeld, 1992) , this refiguring of students' ways of relating to mathematics and to their tutors is particularly significant and suggests that the provision of space for social learning may be similarly important in other, less 'individual' subject areas. This is not to say that this is a solution for all students: we should recognise that these particular participants have chosen to colonise the space, and they are not typical of all the students in their cohorts. In the Middleton questionnaire the group was split, with 46% agreeing that they prefer to do mathematics on their own and 51% preferring to work within a group. However, for many students a quality learning experience includes the provision of spaces and resources within those spaces which facilitate student interaction and peer support, as Roz argues:
… we all enjoy collaborative working ... I think we've all done better, well I've certainly done a lot better than I would have done if we hadn't had each other.
